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Abstract 
The challenges in shrimp cultivation are the intensive electricity consumptions with associated greenhouse gases 
emissions, security of power supply, and environmental impact from the discharged waste water. Following Thailand 
energy roadmap, the renewable energy share in power production sector is targeted to be increased, for energy 
security and climate change mitigation. This paper evaluates six different scenarios of renewable energy 
implementation for shrimp farm in Thailand. The results show that the system with solar PV has higher reliability 
compared to the one with wind turbine at equal life cycle cost. The reliability of the system with solar PV and solar 
PV with battery varies significantly with the life cycle cost at low cost range then becomes stable. On the other hand, 
it was found to be quite stable in the cases of wind turbine with and without battery. Adding battery to the system 
significantly increases the reliability of solar PV and slightly increases for wind turbine. At the life cycle cost lower 
than $1 million, maximum reliability of the system with solar PV is around 53%. By adding battery, the reliability of 
the system can be up to 90%. The different magnitudes of the reliability between these two scenarios are higher at 
higher life cycle cost. For this case study, to reach higher than 50% reliability, the recommended renewable 
alternative is solar PV with battery.   
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1. Introduction 
In the last decade, shrimp has been an important agricultural export product of Thailand. In Thailand, 
the aquaculture sector is dominated by small scale farmers in coastal and inland areas. There are estimated 
19,150 shrimp farms which 85% are categorized as small-scale, with holdings of less than 16,000 m2. 
Therefore, the aquaculture sector contributes significantly to rural income and employment [1-2]. 
However, the shrimp cultivation is energy intensive, since water pumping and aeration are required 
throughout the cultivation period. Currently, the majority of the farms are supplied by electricity from the 
grid. However, some are still powered by the diesel generators, depend on grid accessibility. In 2014, 
74.5% of electricity generation in Thailand came from fossil fuels, 20.1% from renewable sources, and 
5.4% from the imported sources. The capacity of energy generation from solar and wind power are still 
very low compared to the conventional energy and other sources. To achieve the national target in 2021, 
around 2GW of electricity produced by solar and around 1.6 GW of electricity produced by wind are 
needed [3]. Several works have been done to evaluate the potential of solar and wind powers, including to 
the renewable energy policy in Thailand [4-6]. However, the study on integrated system of self-
consumption and grid-exchange is still limited. Since the load profile, location, and incentive policy are of 
important for the system design, more detail evaluations need to be done for the better insight necessary in 
process design.  
In this paper, six different implementation scenarios of solar PV, wind turbine and battery for 
electricity supply in shrimp farm were evaluated by the use of MATLAB optimization tool. The objective 
is to study the relationship between the life cycle cost (LCC) and reliability of the hybrid PV-wind-battery 
system that uses the electric grid as power back-up for shrimp cultivation in Thailand. 
2. System description 
There are three main phases of shrimp cultivation which are hatchery, nursery and grow-out phase. 
For all the phases, the most energy-intensive activities are for aeration and water pumping. The farms 
need secure and sufficient power supply which is not subject to lengthy power failures. An integrated 
shrimp farm consisting of water treatment, nursery, and grow-out pond with renewable energies, solar PV 
and wind turbine, is depicted in Fig. 1. The grid is used as power back-up, and at the same time the 
surplus of electricity produced by the renewables is sold to the grid.  
 
 
 
 
 
 
 
Fig. 1. Schematic diagram of self-renewable energy supplied shrimp farm 
464   Worrada Nookuea et al. /  Energy Procedia  88 ( 2016 )  462 – 469 
3. Methodology 
3.1. Energy consumption profile of the shrimp farm 
For the pacific white shrimp, the nursery and grow-out period cover around 90 days.  The shrimp 
larvae are first reared in the indoor nursery tank with bottom aeration. This phase requires around 20-30 
days before the juvenile shrimps are transferred to the full size grow-out pond. In the grow-out pond, both 
surface and bottom aerations are required 24 hours. During the grow-out phase, the 6,400 m2 single pond 
consumes electricity more than 10,000 kWh/month. The monthly electricity consumption profile is 
illustrated in Fig. 2. The peak load occurs in the night time, during water filling period, when there are 
shrimps in both grow-out and nursery ponds. 
 
 
 
 
 
 
 
  
 
 
 
 
 
     
 
Fig. 2. Monthly electricity consumption profile of the single pond shrimp farm 
 
3.2. Evaluated scenarios 
Six scenarios were evaluated in this paper as listed in Table 1. S1 and S2 consider the LCC of only 
solar PV and wind turbine, respectively, while S3 considers solar PV integrated with wind turbine. 
Battery was added in S4, S5, and S6 for solar PV, wind turbine and integrational case, respectively. The 
surplus produced electricity are selling to the grid following the FIT policy in Thailand. 
Table 1 Evaluated scenarios 
Evaluated  
Option 
Scenario 
S1 S2 S3 S4 S5 S6 
Solar PV √  √ √ - √ 
Wind turbine - √ √ - √ √ 
Battery  - - - √ √ √ 
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3.3. Input data for the optimization model 
The optimization model is multi-objective and uses a controlled elitist genetic algorithm to minimize 
the system configuration LCC, and maximize renewables reliability. The decisional variables are PV 
array orientation angles (tilt and azimuth), PV array power peak, wind tower height, wind turbine rated 
power and battery capacity. The input data for the optimization process are summarized in Table 2. 
Moreover, the global horizontal irradiation and the average wind speed of Thailand throughout the year 
are plotted in Fig. 3. The average monthly global horizontal irradiations vary between 148 – 256 kWh/m2 
while the average monthly wind speeds are in the range of 1.9 – 3.1 m/s. 
Table 2. Input data of solar PV, wind turbine and battery 
Solar PV 
PV module and installation cost ($/Wp) [5] 2  
Global horizontal irradiation (W)  
Retrieved from [7] Diffuse horizontal irradiation (W) 
Ambient temperature (°C) 
Wind Turbine 
Wind turbine and installation cost ($/W) [8] 3  
Wind speed at tower height=10m (m/s) Retrieved from [7] 
Battery 
Specific cost ($/Wh) [9] 3.5 
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Fig. 3. The global horizontal radiation and the average wind speed of Thailand [7] 
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4. Result 
The simulation results showing relationship between the LCC and reliability of each scenario are 
plotted in Fig. 4-7. The maximum reliability is 100% which represents 8,760 hours cover the whole year. 
Fig. 4. compares the results of S1 and S4 which are solar PV without and with battery, respectively. The 
reliabilities of S1 and S4 increase sharply with the LCC for the certain ranges, then become stable. The 
increasing rang of S4 is longer compared to that of S1. S4 was found to have significantly higher 
reliability than S1 when the LCC is higher than $0.3 million. At $0.9 million, the reliability of S1 is 
around 52%, while that of S4 almost covers 100% of the total hours. 
 
 
 
 
 
 
                           
Fig. 4. Relationship between system reliability and LCC of scenario S1 and S4 
Fig. 5 compares the simulation results of S2 and S5 which are wind turbine without and with battery, 
respectively. For S2, the reliabilities slightly increase with the increase of LCC while the increase trend of 
S5 is more significant when the cost increases. At $1 million LCC, the reliability of S2 and S5 are around 
35% and 51%, respectively. When compare between solar PV and wind turbine, as shown in Fig. 6, at the 
same LCC, S1 provides significantly higher reliability than S2. Within $0.5 million, the differences of 
reliability at the same LCC between these two cases are up to 22%. The results of S3 which solar PV is 
integrated with wind turbine are also presented in Fig. 6. The trend and magnitude of the results from S3 
are similar with those from S1. Since the optimization model chose to install solar PV instead of wind 
turbine due to the lower LCC and higher adder for the surplus electricity. The same reason is used to 
explain the similarity of the results from S4 and S6, as shown in Fig. 7. The results from S4 are not 
changed by adding the wind turbine to the system, since the optimization model chose solar PV instead of 
wind turbine. 
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Fig. 5. Relationship between system reliability and LCC of scenario S2 and S5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                             
Fig. 6. Relationship between system reliability and LCC of scenario S1, S2 and S3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            
Fig. 7. Relationship between system reliability and LCC of scenario S4 and S6 
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Table 3 illustrates the specific results from each scenarios. By installing around 147 kWp of solar PV 
and wind turbine in S1 and S2, respectively, S1 gives reliability of 47.6% at the LCC around $0.29 
million. S2 gives lower reliability at higher LCC which is 28.8% and $0.45 million, respectively. For S3, 
at the same LCC, the option with higher solar PV capacity gives higher reliability to the system. By 
installing 120.1 kWp of solar PV and 6.6 kW of wind turbine, the reliability is 46.8% at $0.26 million 
LCC. The reliability of the system with both solar PV and wind turbine is increased by adding battery for 
energy storage. By installing battery at 196.0 kWh capacity for solar PV at 91.1 kWp capacity, the 
reliability of the system is 55.3% which is higher than that of S1 at the same LCC. The reliability of S4 
can be up to almost 100% when install 181.9 kWp of solar PV and 1487.9 kW of battery at $1.10 million 
LCC. For S5, the system reliability is 51.4% when install 194.5 kW of wind turbine and 832.8 kWh of 
battery at $1.00 million LCC. 
 
Table 3 Optimization results from the evaluated scenarios 
 
Scenario PV capacity 
(kWp) 
Wind capacity 
(kW)  
Battery 
capacity 
(kWh) 
LCC  
(M$) 
Reliability 
(%) 
 
S1 
45.1 - - 0.10  34.9% 
147.6 - - 0.29  47.6% 
 
S2 
- 45.1 - 0.15  20.1% 
- 147.4 - 0.45  28.8% 
 
S3 
53.2 49.1 - 0.26  41.9% 
120.1 6.6 - 0.26  46.8% 
 
S4 
91.1 - 196.0  0.28  55.3% 
181.9 - 1487.9 1.10  99.6% 
 
S5 
- 115.2 219.2 0.46  31.9% 
- 194.5 832.8 1.00  51.4% 
 
5. Conclusions and future works 
Different scenarios of renewable energy implementation for shrimp farm electricity supply in 
Thailand were evaluated in this paper. Solar PV provides higher reliability for the system than wind 
turbine at equal LCC. The reliability of the systems with solar PV are increased significantly when adding 
battery for energy storage which make them possible to supply electricity during the night time. At $0.9 
million, the reliability of S1 is around 52%, while that of S4 almost covers 100% of the total hours. The 
difference magnitudes of the reliability between these two scenarios are higher at higher LCC. 
The scenario with only wind turbine shows very low reliability compared to the others, mainly due to 
the weak average wind speed that mars out the investigated site. However, adding battery helps to 
increase reliability for the system with wind turbine. The reliability of the system can be around 51 % at 
$1.0 million LCC. 
The recommended renewable alternative for this specific shrimp cultivation system is solar PV with 
battery. With this option, the system will be able to power itself during the night time which significantly 
increases its reliability. At the same LCC, it also provides higher reliability compared to the other 
alternatives.  
Future works will focus on comparing the already investigated ground mounted PV system with 
floating PV systems, analyzing advantages and disadvantages for shrimp cultivation. New innovative 
solutions for floating PV systems will also be presented and addressed. 
 Worrada Nookuea et al. /  Energy Procedia  88 ( 2016 )  462 – 469 469
Acknowledgements 
This work is supported by Applied Energy Innovation Institute (AEii) and the National High 
Technology Research and Development Program (863 program) of China (Grant No. 2015AA050403).  
References 
 [1] TFFA. Thai Frozen Food Association Statistic. 10th August 2015; Available from: http://www.thai-
frozen.or.th/statistic30.php. 
  [2] New, M.B., Farming freshwater prawns: A manual for the culture of the giant river prawn (Macrobrachium rosenbergii), 
2002, FAO Fisheries Technical Paper. 
  [3] Energy in Thailand, Facts and Fig.s, 2014, Department of Alternative Energy Development and Efficiency, Ministry of 
Energy 
  [4] Kerdchuen, T., Renewable Energy in Thailand: Opportunity and Technology Allocation. Energy Procedia, 2013. 34: p. 13-
16. 
  [5] Chaianong, A. and C. Pharino, Outlook and challenges for promoting solar photovoltaic rooftops in Thailand. Renewable 
and Sustainable Energy Reviews, 2015. 48: p. 356-372. 
[6] Peerapong, P. and B. Limmeechokchai, Investment Incentive of Grid Connected Solar Photovoltaic Power Plant under 
Proposed Feed-in Tariffs Framework in Thailand. Energy Procedia, 2014. 52: p. 179-189. 
 [7] Meteonorm.  15th September 2015; Available from: http://meteonorm.com/. 
 [8] Tegen, S., et al., 2011 Cost of Wind Energy Review, 2013, National Renewable Energy Laboratory. 
     [9] Balcombe, P., D. Rigby, and A. Azapagic, Energy self-sufficiency, grid demand variability and consumer costs: Integrating 
solar PV, Stirling engine CHP and battery storage. Applied Energy, 2015. 155: p. 393-408. 
 
Biography  
Worrada Nookuea is currently a Ph.D. student in the School of Business, Society and Engineering, 
Mälardalen University, Sweden. Her research interest is in Carbon Capture and Storage (CCS) and 
Renewable Energy System. 
 
